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INTRODUCTION 

What's tho driving factor in /our embedded control 
application? Board space? Reliability? Power? 
Design time? Manufacturing simplicity? Cost? 

What il a single component helped you achieve smaller 
board size, higher reliability, lower power, lastei de- 
sign time, simplified manufacturing, and lower cost? 
Intel's 87C75PF is the first in a family of microcontr oiler 
peripheral port expander products. This application 
note will show how the 87C75PF significantly reduces 
chip count and greatly simplifies system design. The 
87C75PF data sheet has detailed device information. 

Intel's early miciocontrollers had obvious benefits over 
previous alternatives — a high degree of system 
integration The most common microcomputer func- 
tions — CPU, ROW, RAM, I/O ports, timers/counters, 
address decoding, etc. — were combined onto a single 
chip. Upgrades and proliferations have grown signiti 
cantly since those early days. Four-bit and 8-bit 
controllers are the most widely used, with 16 bit vei- 
sions, spearheaded by Intel's 8096 family, beginning 
their exponential growth 



configurations For exampto, a single robot control 
module can be manufactured Identical robots can be 
configured to perform various factory tasks. 

8- and 16 bit microcontrollers accommodate external- 
memory expansion Controllers sacrifice two8 bit I/O 
ports to supply address and data lines to peripheral 
components Unfortunately, expanded-memory 
modes violate two embedded-control objectives: 
maximizing I/O capability and reducing chip count (or 
board size). Usually, systems that need more memory 
are also I/O intensive Traditional memory-expansion/ 
port-recovery schemes use multiple chips. Memory, 
address latches, port latches, transceivers, address 
decoders, and glue chips turn a single-chip uC system 
into a multiple-chip conglomeration 

THE MULTIPLEXED BUS 

To achieve small board size, embedded control sys- 
tems require minimum chip count and chips that oc- 
cupy small footprints Embedded controllers use 
multiplexed address/data buses to achiove both. An 
8051 controller, for example, shares its lower eight 
address pins with its 8 bit data. 



The most sought after microcontroller improvement is 
additional program memory. 8 and 16 bit controllers 
are optionally equipped with 4K or 8K bytes of ROM or 
EPROM. This is sufficient memory for about half of 
embedded applications 

The remaining applications use ott-chip EPROM. One 
reason, ol course, is to increase system memory; 
typically to 16K- or 32K-bytes. Another is to provide 
flexibility for code that changes frequently In other 
applications, generic boards or multi-use modules can 
be manufactured and custom programmed lor special 



Every memory access requires two cycles — one for 
address, one for data (see Figure 1). The controller's 
first cycle places a 16-bit address on the bus. It holds 
the upper eight bits constant throughout the access It 
presents the low address byte just long enough for an 
external latch to capture it. The latch and controller's 
upper bus then supply the 16-bit address to external 
devices for the remainder o I the memory access. The 
controller's data cycle transmits or receives data on its 
multiplexed lower address/data pins. The multiplexed 
bus minimizes the controller's pin count and the 
system's board traces. 
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Figure 1. Every microcontroller memory access requires two cycles. 
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WHY A PORT EXPANDER? 

Single- chip microcontf oiler solutions are quickly giving 
way to multiple-chip, high end solutions. Embedded 
control applications of Ion require moro program 
memory than the microcontroller's on chip memory 
Sometimes, code flexibility is needed. The87C75PFs 
32K byte EPROM dwarts any microcontroller's on- 
chip memory. 



are degraded 
complicated. 



Design and manufacturing are more 



Intel's high-performance 87C75PF Port Expandor 
doosn't compromise designers' goals to create reli- 
able, minimum chip sys.tums. Its single chip, no glue 
interface simplifies design and manufacturing while 
increasing performance and reliability — in the small- 
est possible board space. 



In the near future, microcontroller chip-sets — control- 
ler and peripheral — will make up most embedded 
control applications The controller will contain fea- 
tures that must be coupled closely to its CPU. The 
peripheral chip will provide memory and I/O functions. 

Controller and peripheral-chip costs will be more bal- 
anced Thechips will sharecomplexity, whichequates 
to cost Two smaller, less complex chips will cost less 
than one huge controller chip, resulting in lower total 
system cost 

Typically, adding external functions to microcon- 
trollers requires many chips and substantial board 
space Address latches, memory, port recovery, and 
glue chips require lar more space than a single-chip 
microcontroller. System reliability and performance 



ATYPICALSYSTEM 

Intel's 8051 microcontroller architecture is the most 
widely usod Many variations are available with en- 
hanced I/O features and various amounts of memory. 
Intel's 80C31 is a non-ROM, CHMOS version of tho 
8051 . It will help illustrate the 87C75PF's benefits over 
typical multiple-chip uC solutions. 

Figure 2 shows a typical expanded microcontroller 
system. Whenever memory-mapped devices are 
connected to a microcontroller, two 8-bit ports lose 
their I/O functions to become address and data pins 
Figure 2 shows port-reconstruction devices, a 256K- 
bit EPROM, and glue chips that make up an embedded 
control system. Nineteen chips are required! 
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Figure 2. Many descreto chips provide EPROM and port expansion. 
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Figure 4. A "no-glue", Iwo chip 87C75PF system. 



inventory, incoming inspection, testing, manufactur- 
ing, board size, and rework costs. 



Reliability also has significant value — to you and your 
customers Customers demand products that work 
properly — forever Reworked products waste time 
and money, increase the cost of every unit you ship, 
and rum your company's reputation. The best way to 
increase reliability is to eliminate system components. 



Simpli (led manufacturing saves time and money while 
increasing reliability. One factory-tested, integrated- 
function chip is much easier to place on a circuit board 
and is far more reliable than myriad discrete chips 
Every solder joint is a possible failure point. A single 
chip reduces potential failure points from hundreds to 
a few. 



87C75PF ARCHITECTURE 

The 87C75PF Port Expander's features include: 

• Two 8 bit I/O ports 

• 32K > 8 EPROM 

• Two 64K byte memory planes 

• Special Function Registers 

• Device- configuration registers 

• "No glue" controller interface 

• Low-power, Low-noise CHMOSII-E 

• Quick Pulse Programming'" Algorithm 

• In system programmability 

• 40-Pin CERDIP, 44-Lead PLCC packages 

Two Ports 



The 87C75PF has two 8 bit bi-directional I/O ports. 
Port 1 has open drain outputs and port 2 has quasi-bi- 
directional lie-^Kinr c M "r> — -np-io. c-ui ^un ii 
individually addressable with separate port-latch and 
port-pin addresses. Typical of quasi-bi-directional 
ports, they are always in output mode but can be used 
as inputs by simply writing logic "Is" to their latches 



Relocatable EPROM 



The EPROM has 262, 1 44 bits organized as 32K 8-bit 
words. Its access time determines the device's speed 
rating. The 32K-byte EPROM occupies half of the 
program memory <or EPROMlj^oe.,~Tb<ft.lc.RR.OiV' 
troller architectures. 

Dual or Single Memory Planes 

8051-family microcontrollers have two external mem- 
ory planes — program and data. 8096- , 80188 , and 
68xx-family microcontrollers have only one program/ 
data plane. The 87C75PF's user -configurable double 
or single-plane modes work with any 6-bit microcon 
troller architecture. 

Relocatable SFRs 

The 87C75PF has five special function registers 
(SFRs): 

• Port 1 latch 

• Port 2 latch 

• Port 1 Pin 

• Port 2 pin 

• Plane select. 

Port-latch registers allow the m icrocontroller to change 
port-pin output levels The microcontroller can read 
the portlatches to recall the last value written. A micro- 
controller can determine external pin levels by reading 
the port-pin locations. 

During programming, the plane select register deter- 
mines whether the EPROM array or the configuration 
registers are being programmed. More special (unc- 
tion register details are described later in this applica- 
tion note. 

Device Reconfiguration 

Non volatile (EPROMcoll)dovice- configuration regis- 
ters configure the 87C75PF for microcontroller com- 
patibility. Configuration registers can be programmed 
to: 

• relocate the EPROM array in t^o mc . K 

• relocate the SFRs in the memory map 

• combine the EPROM and SFR planes 

• change the reset pin's active polarity 

• insert transistor pull ups on port pins. 
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SYSTEM PERFORMANCE 

Every system component influences performance. 
Perlormanceencompasses speed, system noise, and 
power consumption A typical expanded mode con- 
troller application uses many cliips to increase mem- 
ory and recover lost I/O. Figure 3 shows an improved, 
but more expensive, alternative to the system in Figuro 
2 ■Glue" chips between the controller and peripherals 
delay address signals To optimize system speed, 
fast, expensive glue chips, memory, and peripheral 
devices are required 

Multiple chip solutions consume signilicant powor and 
inject noise into a system. A beeted-up, well regulated 
power supply will relieve symptoms, but adds signifi- 
cantly to cost, boatd size, and weight 

THE 87C75PF SOLUTION 

Figure 4 shows the same system using the 87C75PF 
— a two chip solution! 

The B7C75PF lurnishes a no-glue interlace to 8051- 
based systems and all other Intel architecture embed- 
ded conuollers The Port Expander's flexible, usor- 
progiammable memory map and alterable control 
signals simplify 8051, 8096, and 80188 connections 



Examples in this application note show how the 
87C75PF works with various microcontrollers. An 
8051/87C75PF system that takes advantage of high- 
level compiled languages and an in-system program- 
mable example will also be shown. 

SYSTEM INTEGRATION 

Intuitively we all recognize the benefit of system inte- 
gration — chip-count is reduced. 

Just as important are 

• small board size with fow layers 

• increased performance 

• decreased design time 

• optimized software development 

• reduced inventory 

• less incoming inspection 

• increased system reliability 

• simplified manufacturing. 

Cost is a prime consideration. The itemized cost of 
discrete components is only one parameter. Until the 
benefits listed above are quantified, realistic system 
costs can't be determined. Hardware design and 
software development time are signilicant up Iront 
expenses Multiple-chip systems incur substantial 
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Figure 3. A simplified multiple-chip system. 
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In its delault configuration, the 87C75PF is compatible 
with the 8051s two plane architecture. It is easily 
reconfigured for single-plane 8096 architecture. 
Remapping the memory planes makes the device 
compatible with 80188 and 68xx architectures. 

Various microcontrollers have different reset input 
levels. The 805 1 s reset is active- high while the 80&6's 
is active-low The 80 1 88 has an active-low reset input 
and active- high synchronous reset output. The Port 
Expander's configurable reset polarity can work with 
active high or active-low microcontrollers. 

It the I/O ports are used only as outputs, a "push pull" 
drive is desirable Port 1 and/or port 2 can be contig 
urod to have active pull up transistors rather than 
open drain or quasi bi directional outputs. 

"No-glue" Microcontroller Interface 

The 87C75PFS internal address latches, address 
decoders, recontigurable memory pianos, and alter 
able control inputs allow no-glue interfacing to any Intel 
microcontroller The 87C75PF makes expanded- 
mode, two chip microcontroller systems a reality 



Quick-Pulse Programming 

Intel's microcontroller, peripheral, and EPROM prod- 
ucts employ the industry's fastest, most reliable Quick- 
Pulse Programming 1 " algorithm. Optimizod Quick- 
Pulse Programming equipment can program the 
87C75PF in four seconds 

ln-clrcuit Programming 

With its integrated features, the 87C75PF is easily 
programmed m-systom Built in address latches, 
addross decoders, and tloxible control inputs enable 
the system's microcontroller to program the Port 
Expander The section "80C51 In-system program- 
ming" describes this technique. 

Packaging 

For systems requiring periodic reprogramming, proto 
typing, or hermetic packages, the 87C75PF is avail- 
able in a 40-pin ceramic DIP (CERDIP) package. 
PLCC packaging is available to further reduce board 
size and provide for surface mount and automated 
manufacturing. 




Figure 5, S7C75PF Block Diagram. 
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87C75PF FUNCTIONAL BLOCKS 

planes EPROM, special function registers, and con- 
figuration registers. 

The block diagram shows device inputs on the left and 
outputs on the right Sixteen address lines enter the 
device and their states are latched by ALE The lower 
eight address pins are multiplexed with data PSEN 
(Program Store ENable) gates the device's EPROM 
data RD gates SFR data WR/PGM controls SFR 
data writes CE is the master chip enable input. V (>1 , 
(thu progiamming voltage input) is multiplexed with 
RST (reset) V w is required only during programming. 
Asserting RST sets port latches to "1s" during operat- 
ing mode. 

Port 1 is an 8-bit open-drain port with optional "CMOS" 
drive capability. Port 2 has 8 quasi-bi-directional pins, 
also witli optional "CMOS" drive. 



DEVICE PINOUTS 

r ... it iuuw i «-v_/ v_/ . t-AJlll pn IUU U> UIU 

similar to Intel's 272 1 megabit EPROM. The device's 
pinouts are compatible with most programming equip- 
ment capable of programming 27210 EPROMs. 

Figure 6 shows the CERDIP pinout. The left side has 
sequential address and data inputs The ground pin 
(GND) separates lower and upper address lines for 
better noise immunity Ports are logically placed on the 
device's right side. Port 1 , which is open-drain, is near 
V tt . SIP pack resistor pull-ups added oxternally to 
port 1 have easy access to V cc . 

Figure 7 shows the PLCC pinout. PLCC toads are in 
the same sequence as the CERDIP pinout. No 
connect (NIC) and don't-use (DU) loads are inserted at 
strategic locations. Future enhancements will use 
these leads tor expanded features. DU leads should 
be left unconnected. 
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Figure 6. DIP Pinout. 
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Figure 7. PLCC Pinout. 
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3 PLANE MEMORY MAP 



SFR Plane 



The 87C75PF has three memory planes: EPROM, 
SFR, and configuration Two planes, EPROM and 
SFR, are available during operating mode. The con- 
figuration plane is present under special programming 
conditions. Figure 8 shows the threo memory planes, 
conditions when they are present, control signals that 
access them, and memory locations they occupy 



Special function registers are located in theSFR plane 
They occupy low-addresses in a relocatable 2K byte 
block (defaultaddressesF800h-FFFFh> The 2K SFR 
block can be placed on any 2K-by te address boundary 
to match microcontroller architecture requirements 
RD and WR/PGM control reads and writes to/trom this 
plane. 



EPROM Plana 



Configuration Plane 



The 32K-byie EPROM tills the lower halt {OOOOh- 
7FFFh detault) ot the 64K-byte E/>ROM plane. This 
conlorms to 8051- and 8096-family microcontrollers 
that have teset and interrupt addresses in the bottom 
halt ot the memory map. The EPROM array can adapt 
to 80188- and 68xx family microcontrollers by moving 
it to high memory (8000h FFFFh) PS E.N is the 
EPROM array's operating- and programming-mode 
read control WR/PGM strobes data into the array only 
during programming mode 



The configuration plane contains non volatile EPROM 
registers that determine the device's configuration 
This plane is available only when high voltages are 
applied to special pins. PROM programming equip- 
ment can use this plane to identity the device, read its 
present configuration, and program new configura- 
tions Memory mapped registers can be programmed 
to: 
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Figure S. The 87C75PF has Ihree Internal memory planes SFR, EPROM, and Configuration.' 
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• move the EPROM array 

• move the SFR block 

• combine the EPROM and SFR planes 

• combine PSEN and RD 
- change RST's polarity 

• insert pull-up transistors on port output drivers. 

Device reconfiguration will be covered further in the 
"Architecture compalibility* section. 

Plane Select Register 

The plane select register (PSR) occupies address 
FBlOh in the SFR plane (Figure 9) This register's 
value determines which plane, EPROM or configura- 
tion, is in programming mode. The following plane is 
programmed when is raised to its programming 
voltage it PSR contains: 



I/O PORTS 

The 87C75PF has two 8-bit, bi-directional I/O ports. 
Each port has two addresses in the SFR plane — port 
latch and port pin. The port latch register drives port 
pins ; it's the port o utput regis ter . By to- wide data wr itten 
to it is strobed by WR/PGM's rising edge. This allows 
individual register bits to be changed without "gluching" 
unchanged bits. Port latches can be read to determine 
previously stored values Redundant RAM locations 
that contain port values are not required. Asserting 
RST sets port latches to "Is" 

Each port has a pin register. This input register allows 
a microcontroller to monitor pin status. Although a port 
latch register may drive a port pin to "1", an external 
switch can pull it to "0" A software exclusive-OR of 
latch and pin values will discover the switch closure. 



• xxxxxxOO - programming prohibited 

• xxxxxxOI - EPROM plane 

• xxxxxxlO - configuration plane 

• xxxxxxl 1 - programming prohibited. 

Note that both PSR bits must toggle to change planes 
Spurious programming noise is unlikely to alter both 
bits simultaneously This safeguard prevents errone- 
ous programming ot the wrong plane. 



Figure 9 shows the 2K byte SFR block (default location 
shown) containing port addresses. Locations F800h 
F807h are reserved for port latch addresses; the 
87C75PF uses only two of these addresses. Loca- 
tions F808h-F80Fh are reserved tor port pin ad- 
dresses; again, the 87C75PF uses only two ad- 
dresses Each port latch and port pin register contains 
eight bits; each corresponding to a port pin. Locations 
F810h-F81Fh are reserved lor SFR registers. 
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Portl 

Port 1 s default latch address Is F800h; its pin address 
is F808h. Its default contiguration is open drain. Other 
open-drain devices can be "wire-ORed" to port 1 pins. 
Pull up resistors can be added externally to provide l 0) 
drive 

Port 1 s outputs can be reconfigured to supply CMOS 
drive Programming the control level register's P1C bit 
(CLR6) inserts active pull-up transistors. This 
switches port 1 pins faster from V Q to V U1 and simpli- 
fies interfaces to external CMOS devices. Figure 10 
shows port I s block diagram. 

Port 2 

Port 2 is similar to port 1 . Its latch address is FSOlhand 
its pin address is F809h Its default configuration is 
quasi-bi-directional This means that each pin has a 
weak pull-up resistor. External pull-up resistors can be 
added to increase the port's I drive. 



Port2's outputs can be reconfigured to supply CMOS 
drive. Programming the control level register's P2C bit 
(CLR.5) inserts active pull-up transistors. Figure 11 
shows port 2's block diagram. Note the difference 
between port 2's and port 1's output stages. In addition 
to the weak pull-up resistor, the feedback network 
senses the pin's V Ql level and switches a stronger pull- 
up resistor Into the circuit A V u level turns the resistor 
off. Another addition is the pulsed pull up. Whenaport 
latch value changes from "0" to "1", the C MOS transis- 
tor is pulsed to quickly supply current to the pin. 

ARCHITECTURE COMPATIBILITY 

Every microcontroller family has its own architecture. 
Each has unique boot up, interrupt, and vectoring 
addresses. Some support dual external memory 
planes while others communicate with only one. Extor 
nal addressing capacity varies from 64K- to 1 M- bytes. 

The 805 1's control signals and software instructions 
manipulate 5 memory planes. Three planes are inter- 
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Figure 11. Port 2 is Quasi-bi-directional (default) or programmable for active (CMOS) pull-ups. 



nal — on chip ROM/EPROM, RAM/SFR, and bit- 
addressable registers Two planes are external — 
program (EPROM) and data (RAM) memory The 
instruction type drives internal and external read, write, 
and bus signals that select individual planes. 8051 
controllers require non volatile boot up memory, inter- 



nal or external, at the bottom ot its program memory 
plane The 67C75PF's two-plane external-memory 
architecture (seo Figure 1 2) matches the 805 1 's archi- 
tecture. EPROM defaults to the EPROM plane's low- 
memory and SFRs delault to the SFR plane's high- 
memory. 
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8096-family controllers are typically used with a single 
64K-byte externa) memory plane (Figure 1 3). Like the 
805 1 , reset and vector addresses are in low memory. 
The 87C75PF has an optional single-plane configura- 
tion that complements 8096 architecture. The 
EPROM, located in low memory, is combined with the 
SFR plane 

Intel's 80188 microprocessor is used primarily in high- 
end embedded-control applications Adding ports and 
memory makes the 80188 one of the most powerful 
microcontrollers available The 87C75PF provides 
much of this hardware in a single package. The 80 1 88 



has a single memory plane. Unlike 8051 and 8096 
controllers, its boot-up address is at the top of its 1 M- 
byteaddress space (Figure 14). The87C75PFcanbe 
configured for a no-glue 80188 interface. 

The 87C75PF's flexibility simplifies hardware interfac- 
ing with many other microcontrollers. A 68xx conttol- 
ler, for example, has boot up vectors at the lop of its 
64K-byte single-plane memory space. The Port 
Expander's memory map can be configured, much like 
that used by the 80188 (Figure 14), to accommodate 
68xx controllers. 
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Figure 13. The 8096 has a single memory plane. 




Figure 14. The 80188 boots up at the top of its 
1M-byle address space. 



Default Configuration 

Ultraviolet light exposure will erase the 87C75PF's 
EPROMarray and non-volatile configuration registers. 
The EPROM, SFRs, and other user-configurable op- 
tions default to. 

• two memory planes — EPROM and SFR 

• EPROM at 0000h-7FFFh 

• SFR block at F800h-FFFFh 

• reset (RST) active-high 

• port 1 opon drain 

• port 2 quasi bi directional. 
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Changing the Reset Polarity 

8051 -family microcontrollers have active high reset 
inputs. 8096, 6Bxx, 80188, and special 8051 architec- 
ture controllers have activo-low resets The 80188 
also has an active high synchronous reset output. 

The Port Expander's alterable reset input (HST) can 
match any microcontroller. When erased, the 
87C75PFS HST is active high. Programming the 
configuration plane's control level register bit CLR.7 
changes RST to active-low (see Figure 15). 

Changing Port Output Drive 

It port 1 and/or port 2 are used only as outputs, it may 
be prelerable to have CMOS- type output levels. Pro- 



gramming CLR.6, P1C, and/or CLR.5, P2C (see Fig- 
ure 1 5), inserts active pull-up transistors in port output 
butlers. These transistors supply higher current and 
taster switching than open drain or quasi- bi directional 
outputs. 

Moving the EPROM 

The 87C75PF S EPROM can be relocated to the upper 
hall of its 64K byte memory map. When erased, the 
EPROM is correctly positioned in low memory lor 
8051- and 8096 family controllers. Programming the 
conliguration plane's EPROM Location bit, ELR 7 
(Figure 16), moves the EPROM to high memory for 
80188 and 68xx compatibility. 
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Fiflure 15. The Control Level Register (CLR) determines the reset pin's polarity and CMOS port drive. 
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Double- and Single-plane Configurations 

The 87C75PF has two operating- mode memory- 
planes — EPROM and SFR. These planes share 
identical memory^ddresses. The EPROM plane is 
selected when PSEN is TTL-low. The SFR plane is 
selected when either RD or WR is TTL low. 8051 
microcontrollers use PSEN, RD, and WR to select two 
external memory planes. 8096 controllers have only 
R D and WR , some versions have an "INST " output that 
allows external circuitry to determine when instruc- 
tions are being issued Most other microcontrollers 
provide read and write signals that control only one 
memory piano. 

Piogiamming the 87C75PF's oveilap bit, OVLP 
(E LR 6), converts the device Irom dual plane to single- 
plane (see Figure 16) When ELR.6 - "0", PSEN and 
RD are internally combined. Both memory planes are 
active il either is TTL low 

8051 applications that use code compiled trom high- 
level languages lind this especially useful. Some high- 
level languages can't distinguish between data-plane 



and program-plane addresses. For example, look-up 
tables stored in the_same EPROM as program instruc- 
tions require PSEN to be asserted. However, a 
compiler interprets look-up table instructions as data 
letches. It assigns code that asserts RD instead ol 
PSEN. A typical hardware solution uses an AND gate 
to combine PSEN and RD This forms one memory 
plane that is accessed by either signal Programming 
the 87C75PF s OVLP bit provides this "AND" function 

This bit also permits the SFRs to overlap the EPROM 
array This allows multiple Port Expanders to be used 
in single plane applications. For example, two Port 
Expanders can be used in an 8096 system (see Figure 
22). Normally, two 87C75PF's 64K EPROM bytes 
consume the entire address space leaving no room for 
port addresses or oxturnal RAM. When ELR 6 - "0" 
and the device's 2K byte SFR block overlaps its 
EPROM array, 2K EPROM bytes are sacnticed to 
make room tor the SFRs and external RAM. Under 
these conditions, the 87C75PF remains in a high 
impedance state during any access to the 2K-byie 
SFR block except for the five valid SFR addresses 
(see Figure 9). 
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Figure 16. The EPROM Location Register determines the EPROM si memory-map location. 
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Moving the SFR Block 

The 2K-byte SFR block's default location is FSOOh- 
FFFFh in the SFR plane. This location is line lor 8051 
and 8096 applications. However, 801 88 and 68xx- 
larnily controllers have boot-up and vector addresses 
in this address range, EPROM should be located here. 

The SFR block can be moved to any 2K-byte device- 
address boundary. The SFR location register's 
(SFRLR) live bits determine the SFR-block's most- 
signiticant address bits. When erased, these bits are 
all "1s". placing the SFRs at 1 1 1 1 1xxx xxxxxxxxb or 
FSOOh-FFFFh. Programming the SFRLR to 
01 1 1 1xxx, tor example, relocates the SFR block to 
7800h-7FFFh (just below the EPROM array when it's 



at the top ot memory, SOOOh-FFFFh) Programming 
SFRLR to <X)000xxx moves the SFRs to the bottom of 
memory, 0CXX>h 07FFh. Figure 1 7 shows the SFRLR 
and its bit definitions. 

Programming the Configuration Plane 

The 87C75PF data sheet describes detailed program- 
ming requirements. PROM programming equipment 
makes device reconfiguralion easy. Down loading 
EPROM code (from OOOOh to 7FFFh) to the program- 
mer is the same as lor any 256K PROM device. The 
programmer allows editing ot CLR, ELR, and SFRLR 
codes to reconfigure the device. Once programming 
commences, the EPROM array and the configuration 
registers are programmed automatically. 
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Figure 17. The SFRLR determines the 2K-byte SFR block's base address. 
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87C75PF APPUCATIONS 

Now that you're familiar with how the Port Expander Is 
organized arid reconfigured, this suction highlights 
some application examples. You'll see how the 
87C75PF connects to 8051, 8096, 80188, and 68xx 
microcontrollers. Also shown are more sophisticated 
applications that use multiple Port Expanders and one 
that allows the microcontroller to program its own Port 
Expander. All ol the applications illustrated show 
microcontroller/Port Expander interlaces, memory 
maps, and configuration register (CLR, ELR, SFRLR) 
values. 



80C31 + 87C75PF 

805 1 -family controllers usually operate in two-piano 
mode To use external program memory (EPROM) 
exclusively, the controller's external access pin, EA, is 
tied to ground Port 2 supplies upper addresses, A 8 - 
A )5 . Port becomes the multiplexed lower-address/ 
data bus, AD a AD, PSEN is the program memory 
read strobe. WR and RD (port pins P3 6 and P3.7) 
control external RAM and other read/write devices 
RST is active high on most 8051 -family microcon- 
trollers. Some special purpose '51 -based controllers 
have active-low resets. 

Figure 1 8 shows a typical 80C31 + 87C75PF no-glue 
application. The 87C75PF's EPROM, SFR, and con- 
trol-signal default-settings are already configured. 
Programming the large XX place holders shown in the 
CLR register enables CMOS port drivo. 
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Figure 18. The 87C75PF"s no-glue interface lakes advantage of the 80C31's two-plane memory map. 
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80C31+Two87C75PFs 

High-end applications, such as telecommunications, 
require sizable program memories and numerous I/O 
ports Many ot these applications use 8051-tamily 
microcontrollers. Two 87C75PF Port Expanders 
supply added I/O while (urnishing EPROM — without 
using "glue" devices! 



Figure 19 shows two Port Expanders in an 80C31 
system. Port Expander 1'sEPROMisinitsdelaultlow- 
memory location (O00Oh-7FFFh). Its SFR block is 
moved to FOOOh, out of Port Expander 2 s SFR range 
(F800h). Port Expander 2 s EPROM is moved to high- 
memory (8000h- FFFFh) Each device's configuration 
register values are shown bolow the memory map. 
This configuration provides 16 additional I/O pins, 64K 
EPROM bytes, and leaves 60K lor RAM and other 
memory-mapped devices. 
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Figure 19. Two 87C75PFs provide 16 I/O pins, 64K EPROM bytes, and room tor 60K of RAM. 
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High-level Language 80C31 + 87C75PF 

The 8051's two piano flexibility challenges hardware 
and software engineers' creativity. Its two planes 
logically separate program and data planes to create 
128K bytes of memory in a 64 K address space 
However, many applications have look up tables in 
non volatile memory, usually in the samo EPROM that 
contains program code Unique assembly-language 
instructions drive hardware signals, PS EN, RD, and 
WR. to determine which plane is active. 

Some compiled, high-level programming languages, 
however, have a hard time dealing with two plane 
memories They can't determine which 8051 instruc- 
tion to use when look up tables occupy the program 
plane They usually assign an instruction that acti- 
vates RD, rather than PSEN. 



The typical solution forces the system to operato in 
single-piano mode by combining PSEN and RD with an 
AND gate. If either signal is TTL-low, the AND gate's 
output drives a common extornal-memory read signal. 
A compiler can now assign its typical "read from data 
memory" instruction. 

The Port Expander has this "AND" function built in. 
Programming the configuration plane'sOverlap bit, 
ELR.6, internally combines PSEN and RD; if either is 
at TTL-low EPROM or SFR data, depending on the 
address, is read Figure 20 shows a typical high level 
language application. 

Programming this bit also allows the SFR-block to 
overlap the EPROM in single-plane applications It, 
and only if, these blocks overlap, 2K EPROM bytes are 
sacriliced to make room for the SFR block The "8096 
+ two 87C75PFs" section illustrates this. 
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Figure 20. Programming ELR.6 combines PSEN and RD lo lorm a single memory plane. 
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8096 + 87C75PF 

8096 tamily 1 6 bit microcontrollers can also operate in 
8-bit mode These high performance controllers 
manage applications that are I/O intensive and, as a 
result, require largo EPROM arrays. The 87C75PF 
expands the I/O while providing the EPROM. 

The 8096 accesses a 64 K by te single- plane memory. 
Its memory map is similar to the 8051 's External 
E PROM is required at its low-memory boot-up location 
(2O80h) The 87C75PF's EPROM and SFRs are 
appropriately located 



The 8096's reset input (RES) is active-low. Program- 
ming the Port Expander's reset level configuration bit, 
RSTL (CLR.7). makes RST's polarity active-low. 

The 87C75PF is converted to single plane mode by 
either tying PSEN and RD to the 8096's RD pin or by 
programming ELR .6, the overlap bit. If thcHatter option 
is chosen, the unusod input, PSEN or RD, should be 
tied to V cc . Figure 21 shows a "no-glue" 8096 + 
87C75PF application 





Pfl.7 




«U 




•»o.a 




*a.* 




*« i 




l-MJ 












*1 7 




*1 * 




*1 J 








*»u 








Pl.1 




"J 


— 3*- 


tt.i 


3^ 










n.4 




»*7 1 





in j 




rj.\ 
















■sr? 




CLHOUl 



n 



11*. 



men 

HSOt 
H1W 



80C196 
8096BH 
8098 

8-BIT MODE 



r/r/ 



p* * 
*« J 

KJ 
P« l 
P<0 

PJ.3 
PJ.« 
PJ-S 
PJ 4 
PI. J 
PJ? 



tHH -\AA 



Q 



« 87C75PF 



*03 

401 
MM 
Kl 

PSf* 



>»i7 
PJ-fl 

P2J 
P2.< 
PJ.J 
P2J 



rnrh 

FBOOh 



OOOOh 



3£ 



EPROM" 
(default) 



CLR 
El R 
Sf'RLR 



EPROM/ 

SFR 
PLANE 

= OXXxxxxxb 
1 % xxxxxxb 
1111 Ixxxb 



Figure 21. The 87C75PF is also the no-glue Port Expander lor 8096 systems. 
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8096 + Two 87C75PFs 

Single plane 8096 applications can use two Port Ex 
panders. Figure 22 shows this no-glue, three-chip 
system 

Port Expander 1 has its EPROM in dolault low-mem 
oty ItsSFR block is mapped over its EPROM; location 
7800n is arbitrarily chosen Programming 01 1 1 1xxxb 
into SFRLR moves the SFR block Programming 
ELR 6 (to "0") overlaps the EPROM and SFR planes; 
one plane is formed This bit also tells the Port 
Expander that its SFRs are intentionally mapped over 
its EPROM. The device sacrihces 2K EPROM bytes 



to make room tor the SF R block. Any access to this 2 K- 
byte block, except valid port and PSR addresses, 
places the external data bus in a high impedance state. 
External RAM can occupy the 2Kbyte space 

Port Expander 2 is also reconfigured Its EPROM is 
moved to high memory by programming ELR 7. Its 
SFR block must overlap its EPROM array; 8000h is 
arbitrarily chosen Port Expander 2's overlap bit, 
ELR 6, is programmed to form a single plane and to tell 
the device that lis SFRs are intentionally mappod ovur 
its EPROM, like Port Expander 1 This configuration 
supplies four additional 8-bitports,60K EPROM bytes, 
and still leaves 4K bytes free for RAM. 
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Figure 22. Two 87C75PFS add 161/0 pins, 60K EPROM bytes, andTeave room lor 4K o» RAM. 
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80C188 + 87C75PF 

The 80C188 found its niche in high-end embedded 
control applications. This CPU, when combined with 
RAM and the Port Expander, becomos a powerful 
embedded controller. Its 1 M byte address range 
accommodates several Port Expanders and large 
amounts of RAM. Although the 80C188 has two 
planes, memory and I/O, tho Port Expander works best 
in the memory plane. Figure 23 shows a simple 
80C188 + 87C75PF system. 

7 he 80C188 boots up at address FFFFOh The 
87C75PF's EPROMarray is moved to its high memory 
(SOOOh FFFFh) by programming ELR.7. The SFR 
block must be moved to lower memory outside of 



EPROM-block addresses, (F7800h is shown). Pro- 
gramming the overlapjiit, ELR.6, or tying PSEN and 
RD to tho 80C188 s RD combines the EPROM and 
SFR planes The processor's UCS, connected to the 
87C75PF's CE, selects the Port Expander in theuppor 
address range The 80C188s reset input, RES, is 
active low. Programming the 87C75PF's RSTL bit, 
CLR.7, converts RST to active-low. the 80C188 also 
has an active-high synchronous reset output. This 
outputcan be connected to the87C75PF's RST with- 
out reconfiguring RST's polarity. 

80C 188 systems usually have larger RAM arrays than 
typical microcontroller applications. Figure 23 shows 
the simple RAM interface. The RAM does not contain 
its own address latches, so an 8-bit latch must be used 
to capture addrossos A -A, 
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Figure 23. The Port Expander and SRAM make the 80C188 a powerful embedded controller. 
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68xx + 87C75PF 

The microcomputer industry's poripberaJ- and mom- 
ory interlace standard dictates chip enable, output 
enable, and writo-onable polarities All are activo-low 
Tfie 87C75PF contorms to this industry standard. 

Like Intel controllers, 68xx-lamily microcontrollers use 
multiplexed address/data pins. However, they differ in 
two significant ways. First, 68xx controllers have high- 
memory reset- and interrupt-vector addresses. Ad- 



dress A 15 is logic-high during vector accesses._Sec- 
ond, read and write controls are functions of R/W and 
E (clock output). Combinational logic must convert 
R/W and E to Industry standard P ID and WR signals 

Tho87C75PF's memory map can bo reconfigured and 
its two memory pianos combined to simplify 68xx 
interlaces. Its RST polarity can match a 68xx's active- 
low reset. All thars required to complote_the interface 
is to condition R/W and E to RD and WR. Figure 24 
shows a 68xx + 87C75PF system and its memory map 
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Figure 24. One NANO-gate package interfaces the 87C75PF to 68xx controllers. 
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PROGRAMMING 

EPROM and Configuration Registers 

PROM piogramming equipment makes the 87C75PF 
as easy to program as EPROM-vorsion microcon- 
Keillors arid standard EPROMs Optimized program- 
ming equipment that utilizes the Quick-Pulse Pro- 
gramming 1 " algorithm can program the 87C75PF in 
less than lour seconds. 

Data l/O's model 29B (version V06), with Unipak 2B 
module (version 16, family/pin code - 1 12/107) and 
87C75PF cartridge, supports the 87C75PF It has a 
straightforward programming procedure. Assembled 
code is translerred to programmer RAM addresses 
OOOOh 7FFFh Configuration registers (CLR^7FFDh, 
ELR*7FFEh, and SFRLFU7FFFh) are loaded into 
pioyrammer RAM addresses 80OOH, 8001h, and 
8002h. Contiguration register contents can be entered 
manually using the programmers edit command. 



With EPROM and contiguration register contents 
loaded, tho programmer automatically programs tho 
EPROM array and non volatile registers. The pro- 
grammer can also read a programmed master device's 
EPROM array and configuration registers and pro- 
gram duplicates without further editing. Contact Data 
I/O or your programmer vendor for further details 

80C51 In-system Programming 

Factory programmed and field updated applications 
use in-system and board programming techniques 
Board programming equipment supplies voltages, 
addresses, data, and pertinent control signals to the 
board s edge-card connector. 

In system programming, on the other hand, allows a 
resident ROM- or EPROM-type microcontroller to 
program the system's oll-chip non volatile memory. A 
small amount of tho microcontroller's ROM or EPROM 
contains code that controls its serial communications 
channel and knows how to program external EPROM. 
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Multiple-application modules can be customized using 
in system programming . For example, a generic 
control module can be built, installed in a variety ot end 
products, and customized tor different tasks at the end 
of the production sequence. 

Figure 25 shows a simple 80C51 -based in-system- 
programmable module. The microcontroller's on-chip 
ROMor EPROM contains the communication and pro- 
gramming algorithms. Port pins P3 Oand P3.1 provide 
the serial communication link P3.2 (EACONT) con- 
trols the EA pin When high (which occurs at reset or 
when "1" is written to it), internal program memory 
supplies code When low, external EPROM supplies 
code P3 4 (ALECONT) controls theALE latching 
siynal during programming P3 5 (PGMON) controls 
programming and operating mode V,,,, and V CL volt- 
ages P3 6, which is the WR signal during normal 
operation, serves as the program pujse strobe, PGM, 
during programming RD, P3.7, or PSENcan be used 
to verify programmed data whenever is at its 
programming voltage. 



Figure 26 shows the program and latch control circuit 
5 voltand 1 2 volt supplies are connected to this circuit 
at all times. Inverter 74'06a allows 12 volts to pass into 
the DC/DC converter and the LM317 volta ge regula- 
tors only when system power is on. PGMON is high 
after reset or when P3 5 contains a "1." PGMON 
controls inverter 7406b which turns V IV on or off. 
Inverter 74 06c keeps V cc at 5 volts until programming 
commences. When PGMON goes low, these in- 
verters turn off allowing V pi , and V cc voltages to attain 
their programming levels. Thevariable resistors adjust 
V |r and V tc read- and program voltages. V CL read 
voltage is 5.0V and its program voltage is 6.25V. V ( , ( , 
read voltage is OV, so it doesn't interfere with the 
87C75PF s reset, and its program voltage is 12.75V 

PGMON also controls the ALE circuit When PGMON 
is high, the microcontroller's ALE value passes to the 
87C75PF's ALE pin When PGMON is low, the 
microcontroller's ALECONT controls ALE 
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Figure 26. A microcontroller can use this circuit to control programming voltages and ALE. 



AP-318 



The microcontroller's AD ; and A, l6 (ports and 2) 
connect to the 87C75PF's AD o; and A ( ti pins__Tho 
controller's program-memory read signal, PSEN, 
controls the 87C75PF's output enable, PSEN. 

During programming, the controller brings EACONT 
high and PGMON low. This allows it to operate from 
internal code, enables programming voltages on the 
87C75PF's V w and V cc pins, and switches ALE control 
from the controller's ALE to its ALECONT. It then 
inputs data over its serial channel With ALECONT 
high, an address is placed on ports and 2. When 
ALECONT is brought low, the 87C75PF internally 
latches the address Data read trom the serial port is 
written to port 0. The Port Expander now has both 
address and da ta in lormation. The controller needs 
only to bring its WR pin low to program data into the 
addressed location. 

The in system programming sequence is summarized 
below. 

1 ) Set EACONT»"1 ". Code is now supplied from the 
controller's internal program memory. 

2) AssertP^MON This switches V pp and V cc to their 
program voltages and allows the controller to manual ly 
control ALE via ALECONT. ALECONT and WR are 
high 

3) Down-load address and data information via Port 
3's serial channel Ports and 2 serve as I/O ports, so 
place the 16-bitadaressonthem. Bring ALECONT low 
to latch the address into the 87C75PF. 

4) Write data information to port 0. 

5) Bring WR low to program data into the 87C75PF 
See the 87C75PF data sheet for the programming 
algorithm and timing requirements. 



6) Verity the programmuddata. When the 87C75PFS 
\J IV is at 12.75V, its PSEN and RD pins are internally 
combined The "MOVC A,<a>A+DPTR" instruction 
uses the PSEN pin to road EPROMdata (or the MOVX 
A,@DPTR" instruction uses the RD pin). 

7) Repeat this sequence until all EPROM data is 
programmed and verified. 

8J When programming is complete, de-assert 

PGMON and ALECONT. When EACONT-"0", code 
execution commences from the 87C75PF. Code 
duplication at identical internal and external memory 
locations allows uninterrupted paging between these 
two memory spaces. 

When 6 25V is applied to the 87C75PF's V CL during 
programming, its port outputs, when "1", will be close 
to 6.25V Carelul system design should ensure that 
microcontroller and other device inputs can handle this 
elevated voltage. Writing "0s" to all port pins before V cc 
receives 6 25V will prevent damage to external de- 
vices. 

SUMMARY 

System demands push single-chip microcontroller 
designs lo their limits. Complex applications are I/O 
intensiveand use lotsof EPROM. Traditional solutions 
use discrete chips — EPROM, address latches, ad- 
dress decodeis, I/O port chips, and "glue" logic — to 
get more memory and expand, or recover, I/O. 

Intel's 87C75PF Port Expander puts port lunctions, 
EPROM, and "glue" into a single package Chip count 
and board size are dramatically reduced. System 
performance is optimized. Reliability is assurod 
Design time is shortened. Manufacturing is simplified. 
Device inventory is reduced. 

Miniaturized system designs thai weren't possible 
before, can now come to life, (hanks to the 87C75PF. 
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